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(57) Abstract: A near-field laser and detector apparatus and method wherein both writing and reading of optical media can be 
carried out using the same laser operating in a single mode for both read and write operations. The single operational mode can be 
utilized with both edge emitting and surface emitting laser configurations, and allows readout via rear facet output power variation 
or by voltage variation across the laser. A smaU aperture laser is operated during read and write operations at a bias current which is 
higher than the threshold currents associated with feedback from high and low reflectivity regions of an optical medium. The bias 
current and laser structure provide a relatively high, continuous output power from the front emission facet of the laser to facilitate 
writing, while providing substantial fluctuation or change in output power from the rear emission facet to facilitate readout. 
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5 SPECIFICATION 

NEAR-FIELD LASER AND DETECTOR APPARATUS AND METHOD 
BACKGROUND OF THE INVENTION 

10 

1. Field of the Invention 

This invention pertains generally to near-field optical devices and methods for 
reading and writing on optical media. More particularly, the invention is a single 
15 mode Taser apparatus and method for near field optical information reading and 
writing, wherein both reading and writing modes are achieved in a single mode laser, 
and where laser voltage variation, as well as rear facet power, may be utilized as an 
output signal. 

20 2. Description of the Background Art 

Optical information storage technologies have provided increasing storage 
densities over the years. Conventional far-field techniques for reading and writing 
optical media utilize a collimated laser beam which is focused onto the optical 
25 medium by an objective lens. For a laser beam of wavelength X and an objective lens 
with a numerical aperture NA, a read/write spot size of A./2NA is obtained. These 
techniques have allowed reading and writing of optical media having storage densities 
in the Gb/in^ range. 

30 Far-field read/write techniques are rapidly approaching the diffraction 

limitation imposed on the read/write spot size by the light wavelength and numerical 
aperture of the focusing optics used for reading and writing. Increasing the NA to 
greater than approximately 0.6 results in rapid increases in astigmatisms and beam 
abberations. Closer positioning of the objective lens and medium can overcome these 

35 problems to a certain extent, but results generally in decreased reliability. Thus, with 
currently available semiconductor lasers, which can provide output wavelengths 
approaching around 650 nanometers, a maximum storage density of around 2.5 Gb/in^ 
appears to be achievable. 

40 Use of shorter wavelength semiconductor lasers will allow increased storage 

densities. InGaAlP double heterostructure lasers have provided outputs m the 600 
nanometer range. Edge emitting and surface emitting devices based on ZincBlende 
Group III-V materials such as ZnSe, CdZnSe and MgZnSSe are known which operate 
with blue-green output. More recently, edge and surface emitting lasers based on 

45 AlGaN and AlGaInN have been shown which provide outputs approaching the 
ultraviolet. These shorter wavelength laser devices, however, tend to have limited 
output powers, limited operational temperature ranges, and are subject to materials 
limitations which have so fare resulted m poor reliability and relatively rapid 
deterioration. Further, the far-field diffraction limitations noted above will limit 

50 increases in storage densities to around a factor of two, even if the most promising 
short wavelength semiconductor lasers become commercially viable. 

One approach to increased storage densities has been through the use of a 
solid immersion lens (SIL) positioned between the objective and the optical medium 
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5 has allowed an increase in NA which is proportional to the refractive index of the SIL 
material. This technology has resulted in a spot size (diameter) of around 600 
nanometers, and storage densities approaching 10 Gb/inl Refractive index limitation 
of SIL materials, however, will prevent further increases in storage densities using 
this technology. 

10 

A more promising approach to increased optical storage densities has been 
through development of near-field optical data storage techniques, which offer 
potentially high data storage densities and readout rates. Near-field optical techniques 
require the use of radiation source apertures and distances on the order of generalh 
15 less than the wavelength X of the radiation source to allow high storage densities. 
With near-field techniques, storage densities are limited primarily by the light 
aperture size and distance between the aperture and optical medium. Using currenth 
available solid state lasers and near-field techniques, storage densities on the order of 
around 100 Gb/in' appear possible. 

20 

Small aperture light sources for near-field applications have been obtained 
through tapered optical fibers with metallized sides, which have provided apertures as 
small as 200 nanometers. Tapered fiber devices, however, have only been able to 
provide an output power of around 50nW for input power into the fiber of lOmW. 
25 with higher input power resulting in catastrophic failure at the light emitting aperture. 
This low output power severely limits data rates for optical storage using currently 
available media. 

A more attractive near-field technology has involved use of small features 
30 associated with the emission facet of semiconductor laser devices, such that a 
substantial portion of output power is directed through a small area of the emission 
facet. Surface emitting and edge emitting devices have been made which have an 
emission facet aperture, of X/2 width or smaller, through which one half or more of 
the total emission can be directed. Edge emitting devices have also been made having 
35 tapered slits, normal to the emission facet, which are filled with low refractive index 
material to define waveguides which sharpen the beam spot from the emission facet. 

The know near-field semiconductor laser structures exhibit some important 
drawbacks, however, particularly with regard to output power and readback signal. 

40 When the internal mode of a semiconductor laser is matched to the external mode 
between the reflective surface of the optical medium and the laser output facet, as 
occurs in near-field operation in reflection, the laser threshold current and laser output 
intensity will vary according to feedback light reflected back into the laser from the 
optical medium. During readout, low reflectivity spots on the medium providing less 

45 reflective feedback, and high reflectivity regions providing correspondingly more 
reflective feedback. The resulting changes in laser threshold and output power can 
limit data rates due to turn-on delays and relaxation oscillations in the laser. Unstable, 
fluctuating output power from the laser front facet requires long exposures for 
writing. On the other hand, a substantial change in output power at the laser rear facet 

50 facilitates. Previously available semiconductor lasers for near-field use have been 
unable to provide stable, front facet output power for effective writing, together with 
fluctuating rear facet output power for effective readout. 
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5 There is accordingly a need for a near-field laser and detector apparatus and 

method which can operate at high data rate, which provides stable, high output power 
from a front facet for effective writing, and which provides substantial modulation in 
output power from a rear facet for effective readout. The present invention satisfies 
these needs, as well as others, and generally overcomes the deficiencies found in the 
10 background art. 

SUMMARY OF THE INVENTION 

The invention is a near-field laser and detector apparatus and method wherein 
15 both writing and reading optical media can be carried out using the same or very 
similar small-apertured lasers. The reading and writing modes provided by the 
invention can be accomplished with a single mode laser, without multimode 
operation. The single operational mode can be utilized with both edge emitting and 
surface emitting laser configurations, and allows readout via rear facet output power 
20 variation or laser voltage variation. 

In general terms, the invention comprises a small aperture laser operating with 
a bias current higher than a threshold current associated with feedback from a high 
reflectivity portion of an optical medium, and a voltage detection system associated 
25 with the p- and n- contacts of the laser. An optical detection system may alternatively 
be used instead of the voltage detection system. 

By way of example, and not necessarily of limitation, the laser comprises an 
active region positioned between a first conductivity-type clad region and a second 
30 conductivity-type clad region. The active region, first conductivity-type clad region 
and second conductivity-type clad region define generally a laser cavity. A first, front 
emission facet on the laser includes an aperture thereon, with the aperture having a 
width which is generally smaller than the output wavelength of the laser. The first 
emission facet is positioned proximate to an optical medium during operation. 

35 

The active region, first conductivity-type clad region and second conductivity- 
type clad region are structured and configured such that the laser operates with a bias 
current which is greater than the threshold currents associated with feedback from 
both high and low reflectivity regions of an optical medium. More preferably, the 
40 bias current is such that output power fluctuation from the front facet of the laser is 
minimal, while output power fluctuation from a rear facet of the laser is substantial. 

A first electrical contact is associated with the first conductivity-type clad 
region, and a second electrical contact is associated with the second conductivity-type 
45 clad region. A voltage detection circuit is placed in electrical communication with the 
first and second electrical contacts via first and second electrical conductors. Voltage 
fluctuations associated with feedback from the high and low reflectivity portions of 
the optical medium are detected by the voltage detector circuit. 

50 In a first embodiment, the laser is an edge emitting semiconductor laser 

wherein the first emission facet is generally normal to the plane defined by the laser 
active region. A second, back emission facet, which is substantially parallel to the 
first emission facet, faces away from the optical medium. An optical detector may be 
included proximate to the second emission facet and positioned to read the optical 
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5 output from the second emission facet. In a second embodiment, the laser is a vertical 
cavity surface emitting semiconductor laser. 

The laser and detector of the invention are associated with an optical head 
having an aerodynamic slider which is coupled to a read/write arm via a suspension 
10 system. During operation, the optical head is positioned adjacent an optical medium, 
which may comprise a phase change material such as a GeTeSb alloy, to allow 
multiple write and erasure events. The laser is positioned such that the internal mode 
of the laser substantially matches the external mode between the reflective surface of 
the optical medium and the first emission facet. 

15 

During writing, the laser is pulsed to locally heat the high reflectivity 
polycrystalline phase change material above its melting point to create an amorphous 
melt spot of relatively low reflectivity, which is of comparable size to the aperture 
area on the first emission face. Readout is obtained by flying the laser over the 
20 optical medium and measuring the changes in reflection associated with the low 
reflectivity amorphous melt spots and higher reflectivity unmelted, polycrystalline 
regions of the medium. 

The laser threshold current and laser output intensity vary generally according 
25 to feedback light reflected back into the laser from the optical medium, with the 
amorphous spots on the medium providing less reflective feedback than the high 
reflectivity polycrystalline regions. During both writing and readout, the bias current 
for the laser is maintained at a level higher than the laser threshold current, such that 
minimal variation in output intensity occurs from the first, front emission facet, while 
30 substantial variation in output intensity is achieved from the second, rear emission 
facet. Readout may be effected by optical detection of output from a rear facet, or by 
measuring voltage variation associated with the electrical contacts on the laser, which 
are positioned to monitor voltage modulation associated with output power fluctuation 
from the rear facet. Operation in this manner allows both reading and writing with the 
35 same laser operating in a single mode. 

Further advantages of the invention will be brought out in the following 
portions of the specification, wherein the detailed description is for the purpose of 
fully disclosing the preferred embodiment of the invention without placing limitations 
40 thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully understood by reference to the 
45 following drawings, which are for illustrative purposes only. 

FIG. 1 is a schematic side elevation view, in partial cross-section, of a near- 
field laser and detector apparatus in accordance with the present invention. 

50 FIG. 2 is a schematic diagram illustrating a voltage detection circuit in 

accordance with the present invention. 
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5 FIG. 3 is a graphical representation, shown as output power versus current, 

illustrating a preferred bias level for the near-field laser and detector apparatus of FIG. 
1. 

FIG. 4 is a schematic side elevation view, in partial cross-section, of an 
10 alternative embodiment near-field laser and detector apparatus in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 Referring more specifically to the drawings, for illustrative purposes the 

present invention is embodied in the apparatus and graphical illustration shown 
generally in FIG. 1 through FIG. 4. It will be appreciated that the apparatus may vary 
as to configuration and as to details of the parts without departing from the basic 
concepts as disclosed herein. The invention is disclosed generally in terms of use 

20 with GaAs/InGaP semiconductor lasers operating in reflection at 980 nanometers, and 
"phase change" optical media based on GeTeSb materials. These particular laser and 
optical media materials and properties are only exemplary, however, and it should be 
readily apparent to those skilled in the art that the type of semiconductor laser and 
optical medium used with the invention may embody a wide variety structures, 

25 configurations, and materials, and may be operated for transmissive or reflective 
detection. 

Referring now to FIG. 1, a near-field laser and detector apparatus 10 in 
accordance with the invention is shown together with an optical medium 12. It should 

30 be understood that the relative dimensions and distances of various parts of the 
apparatus 10 and medium 12 are exaggerated for reasons of clarity, and are not 
necessarily shown to scale. The apparatus 10 includes a semiconductor laser 14 
having a first, front emission facet 16, and a second, rear emission facet 18. Laser 14 
also includes a first conductivity type clad layer which is shown as n-type clad layer 

35 20, and a second conductivity-type clad layer shown as p-clad layer 22, An active 
region 24 is positioned between p-clad layer 20 and n-clad layer 22. Laser 14 may 
grown on an n-semiconductor substrate 26 by conventional, well-known low-cost, 
high volume semiconductor IC fabrication methods such as metal organic vapor phase 
epitaxy (MOVPE), liquid phase epitaxy (LPE) and/or molecular beam epitaxy (MBE) 

40 techniques. 

Front emission facet 16 preferably includes a dielectric layer 28 deposited 
thereon, and a metal layer 30 deposited on dielectric layer 28. An aperture 32 in front 
emission facet 16 is provided such that the width w of aperture 32 is less than the 
45 output wavelength X of laser 14. Aperture 32 is formed by conventional anisotropic 
etching techniques such as focussed ion beam (FIB). Use of a Micrion 9000 FIB 
system allows formation of aperture sizes of 50 nm by 50 nm, or 2500 nm'. 

Metal layer 30 serves to block radiation from emission facet 16 except at 
50 aperture 32. Metal layer 30 this is preferably highly reflective and comprises a metal 
such as Au, Ag, Pt or the like. Metal layer 30 may alternatively comprise multiple 
layers of such metals. Dielectric layer 28 may comprise, for example, ALO3, Si02, 
TiO., or other dielectric material. Dielectric layer 28 may alternatively comprise 
multiple layers (not shown) of AI2O3, SiO., TiO., or like dielectrics. Dielectric layer 
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5 28 prevents electrical shortmg of laser 14 which would otherwise occur if metal layer 
30 were deposited directly onto emission facet 16. Dielectric layer 28 also provides 
for dissipation of heat associated with metal layer 30, and provides a spacer which 
may be adjusted in optical thickness according to the desired output properties of laser 
14. 

10 

A first electrical contact 34 is coupled to n-semiconductor substrate 26 and is 
in electric communication with n-clad layer 20. A second electrical contact 36 is 
coupled to, and in electric communication with, p-clad layer 22. Contacts 34, 36 are 
configured and positioned to apply a current across the diode structure defined by 

15 laser 14 in a conventional manner. A voltage detection circuit 38 is operatively 
coupled to electrical contacts 34, 36 via conductors 40, 42 respectively. Voltage 
detection circuit 38 is of conventional configuration, and is shown in FIG. 2 as a 
simple o-amp and diode circuit. Detection circuit 38 may alternatively utilize a 
comparator (not shown) which compares voltage detected from contacts 34, 36 to a 

20 reference voltage, and which outputs a signal indicative of detected voltage which 
exceeds the reference voltage. Voltage detection circuit 38 may additionally include 
various filtering and ampHfication components. Numerous designs for voltage 
detection circuits usable with the invention will suggest themselves to those skilled in 
the art upon reviewing this disclosure, and are considered to be within the scope of the 

25 invention. 

An optical detector 44 may alternatively, or additionally, be associated with 
laser 14. Optical detector 44 is positioned adjacent rear emission facet 18 to detect 
optical output therefrom. Optical detector 44 is of conventional design, and may be 
30 integral to n-substrate 26 such that optical detector 44 and laser 14 comprise a single, 
monolithic device fabricated from the same base semiconductor substrate. 

The apparatus 10 is generally used in conjunction with optical medium 12. 
Laser 14 is generally mounted on an aerodynamic slider (not shown) associated with 

35 an optical head (also not shown) in a standard fashion, such that laser 14 can "fly" 
over the surface of medium 12 during read and write operations. During near-field 
reading and writing operation, laser 14 is generally positioned at a distance d from 
medium 12 such that distance d is less than the output wavelength X of laser 14, and 
also preferably such that the internal mode of laser 14 substantially matches the 

40 external mode between the reflective surface of optical medium 12 and front emission 
facet 16. The output beam from laser 14 will generally stay collimated for a distance 
equal to about one half the width w of aperture 32. Once again, it should be noted 
that the distances and dimensions shown in FIG. 1 are not necessarily to scale, and are 
merely exemplary. 

45 

Optical medium 12 is shown as comprising a protective, outer overcoat layer 
46 and a "phase change" layer 48. In one preferred embodiment, layer 48 comprises a 
GeTeSb alloy material which can undergo phase changes between a polycrystalline 
phase 50 with relatively high reflectivity, and an amorphous phase 52 with relatively 
50 low reflectivity. In order to effect writing on medium 12, output from laser 14 is used 
to locally heat the high reflectivity polycrystaUine region 50 above its melting point to 
create amorphous melt spots or regions 52 of relatively low reflectivity. Readout is 
obtained by flying laser 14 over optical medium 12 and measuring the changes in 
reflection associated with the low reflectivity amorphous melt spots 52 and higher 
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5 reflectivity unmelted, polycrystallme regions 50, as discussed further below. Erasure 
is effected by headng the phase change layer 48 above the crystallization temperature 
to return layer 48 to a polycrystalline state. 

Presently, a phase change material comprising Geo.4Teo.4 Sbo.i is preferred, 
10 which has a melting temperature of around 700°C for writing, and provides melt spot 
sizes comparable srze to the area of aperture 32 on emission facet 16. This material 
provides a low reflectivity of around 0.7% from amorphous regions 52, and a high 
reflectivity of around 34% from polycrystalline regions 50. Erasure is achieved by 
heating layer 48 above 200^C to return the amorphous phase regions 52 back to a 
15 polycrystalline phase. This particular material has shown a reliable re-wntability of 
around one hundred cycles, and crystallizadon dmes of between 17 and 50 ns, which 
allows high writing rates. 

Optical medium 12 as shown is somewhat simplified for clarity, and medium 
20 12 will generally comprise several overlayers and underlayers (not shown) in 
association with phase change layer 48. These additional layers may comprise, for 
example, dielectric layers (not shown) surrounding phase change layer 48, and a metal 
layer and glass substrate (not shown) behind phase change layer 48. 

25 The invention may also be used with different phase change media other than 

GeTeSb materials as described above, and may be used with WORM type media 
wherein low reflecdvity spots 52 are formed by in'eversible ablation of a reflective 
material or background. It is also contemplated that medium 12 may comprise 
materials wherein the written spots result in higher reflectivity than the unchanged 

30 background material. Various additional optical media compositions and 
configurations will suggest themselves to those skilled in the art, and are considered 
to be within the scope of this disclosure. 

The presently preferred laser output wavelength A, for use with reading and 
35 writing of GeTeSb phase change media as described above, is 980 nm, which is 
provided by edge emitting and surface emitting semiconductor lasers using 
GaAs/InGaP serniconductor materials and well known structures. This particular 
output wavelength and type of semiconductor laser and materials is only exemplary, 
of course, and other laser types may be used with the invention for different types of 
40 optical media. 

During operation, the threshold current and output intensity of laser 14 will 
vary generally according to feedback light reflected back into laser 14 from opdcal 
medium 12. The amorphous, low reflectivity spots 52 in medium 12 provide 

45 generally less reflective feedback to laser 14 than is provided by the high reflecdvity 
polycrystalline regions 50. As a result, the output power from facets 16, 18 will 
generally fluctuate as laser 14 flies over medium 12. Readout is carried out by 
monitoring and detecting these fluctuations in output power, either opdcally via 
opdcal detector 44, or by voltage detector 38 according to the corresponding voltage 

50 fluctuations across contacts 34, 36. 

The invention advantageously provides operating conditions for laser 14 
wherein fluctuation in output power from front emission facet 16 is minimal, while 
the output power from rear emission facet 18 is relatively substantial. The relatively 
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10 



15 



25 



stable output power emitted from front facet 16 facilitates writing at higli data rates, 
while the notable fluctuation in output power emitted from rear facet 16 facilitates 
readout via optical detector 44 or voltage detector 38. The preferred input parameters 
and dimensional considerations for laser 14, as required to provide minimal output 
power fluctuation from front facet while providing substantial output power 
fluctuation from rear facet 16, are based on mirror loss, threshold current, carrier 
density and gain coefficient considerations. 

For the laser 14, the output Power with mirror modulation at constant 
drive current can be described as 



where Y = r(R J = the fraction of power emitted from the laser front facet 16, 

^ aJR) = mirror losses, h = Planck's constant (?), v = frequency of the laser 
output Hght (?), q = the charge on an electron (?), and ri^ = quantum efficiency. The 
20 mirror losses a„, are characterized generally by 




where R^, R2 respectively are the reflectivities of front and rear facets 16, 18. 
The fraction of power r(Ri) emitted from the front facet is represented by 

The threshold current 1^, IJ^^d can be shown generally by 

F' 



J -1 (R\-^^ n -SI 



n +««,+«im/ 
" /a 



30 where n^ = transport carrier density, a = gain coefficient, and F' = an overlap factor. 
With the above in mind, the laser output power can be defined as 



q In 



qv 



"o + 



2LaT 



35 



For phase change media with good reflectivity variation, a substantial 
modulation of the rear facet power output is predicted for a small aperture laser 14, 
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5 with relatively minimal change in the front facet emission. The presently preferred 
input parameters for a small aperture edge emitter laser 14 in accordance with the 
invention are shown in Table 1. The parameters of Table 1 are shown for conditions 
with no recording medium present, for an adjacent crystalline (high reflectivity) 
section 50 of medium 12, and for an adjacent amorphous (low reflectivity) portion 52 
10 of medium. 



Parameter No Medium Crystalline Amorphous Abs. Change % Change 



Wavelength, 
nm 


980 


980 


980 


- 


- 


Photon Energy, 

Fv 

J3 V 


1.26507143 


1.26507143 


1.26507143 


- 


- 


Quantum 

Jj/lllUlCIlCy 


1 


1 


1 


- 


- 


Internal Loss, 
1/cm 


24.3 


24.3 


24.3 


- 




|xm 


750 


750 


750 






oiripe wiam, 
fxm 


9 S 

Zi ..J 


2.5 


2.5 






Active 

Thickness, |Ltm 


0 014 


0 014 


0.014 






Rear Facet 
Reflectivity 




0 0 


0 9 






Front Facet 
Reflectivity 


4 


0 00900R^'^ 


0 00103333 


-0 001875 


-64.46999% 


Mode Area, 
nm^ 


A^OOOO 

(1500x300n 


4S0000 
(1500x300n 

Ill; 


450000 
(1500x300n 

m) 






Mode 

Kerieciiviiy 


0.001 


0.001 


0.001 


- 


- 


Aperture Area, 
nm^ 


2500 

^^DUXDunm ) 


2500 


2500 

C^OxSOnm) 


- 


- 


Aperture 
Reflectivity 


0 


0.3445 


0.007 






Linearized Gain 

Coeff 1/cm^ 


2.50E-16 


2.50E-16 


2.50E-16 


- 


- 


Electronic 
Charge, CouL 


1.61E-19 


1.61E-19 


1.61E-19 






Transp. Carrier 

Density, 1/cm^ 


4.25E-18 


4.25E-18 


4.25E-18 






Carrier Lifetime, 
ns 


2 


2 


2 






Overlap 

Factor 


0.05 


0.05 


0.05 






Drive Current, 
mA 


40 


40 


40 






Mirror Loss, 
1/cm 


46.7912456 


39.6369041 


46.5355065 


+6.898602 


+17.4045% 
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Threshold 
Carrier Density 


9.94E+18 


9.36E+18 


9.92E+18 


+5.52E+17 


+5.8931% 


Transp. Current 
Density, A/cm* 


479 


479 


479 


- 


- 


Thresh. Current 
Density, A/cm' 


1120 


1050 


1120 






Threshold 

Current, mA 


21.0 


19.8 


20.9 


1 1 1 i^S. A O A 

+l.lo54o4 


, C OQ'2 1 C/^ 


Cavity Photon 
Emission Rt, 
mW 


15.8322836 
1 


15.860185 


15.838507 


-0.021678 


-U.1jO//c 


Front Facet 
Power Fraction 


0.99668366 
5 


0.99433113 


0.99661953 


+0.002288 


+0.2301% 


Rear Facet 
Power Fraction 


0.00331633 

c 


0.00566887 


0.00338047 


0.002288 


-40.3678% 


Front Facet 
Power, mW 


15.7797784 
5 


15.7702756 


15.7849653 


+0.01469 


+0.0931% 


Rear Facet 
Power, mW 


0.05250516 
2 


0.08990939 


0.05354163 


-0.036368 


-40.4493% 



5 

TABLE I 



The input parameters of Table 1 are based on the modeling of aperture 32 
according to a composite mirror with net reflectivity equal to the weighted average of 
10 the reflectivies of the mirror and the aperture 32 as seen through the mirror. The 
parameters of Table 1 are also based on use with an optical medium 12 which has a 
crystallme phase upper reflectivity R^igh of approximately 34%, and an amorphous 
phase lower reflectivity Rj^w of approximately 0.7%. This type of optical medium is 
provided by the crystalline and amorphous phases of Geo.4Teo4 Sbo.i, as noted above. 

The parameters in Table 1 for ''no medium" (second column) are associated 
with no (zero) optical feedback reflected into laser 14, when optical medium 12 is not 
present. The parameters for crystalline media (third column) are associated with 
higher optical feedback to laser 14 due to the higher reflectivity of the crystalline 
20 phase, while the parameters for amorphous media (fourth column) are associated with 
lower optical feedback to laser 14 due to the lower reflectivity of the amorphous 
phase. The absolute change and % change values (the two right-most columns) in 
Table 1 refer to the change from a crystalline to an amorphous region of medium 12. 

25 As can be seen from Table 1, the output power from front facet 16 undergoes a 

change of less than 0.01% due to the difference in optical feedback associated with 
high reflectivity (polycrystalline) regions 50 and low reflectivity (amorphous) regions 
52 of medium. At the same time, the output power from rear facet 18 undergoes a 
change or fluctuation of greater than 40% under the same conditions. As noted above. 

30 the relatively constant output power emitted from front facet 16 advantageously 
allows high writing speed. The relatively large change or fluctuation in output power 
emitted from rear facet 18 simultaneously allows easy and accurate readout via 
voltage detection or optical detection. Laser 14 can thus operate in a single mode for 
both reading and writing operations. 

35 
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5 As can also be seen from Table 1, the drive cun^ent or bias current for laser 14 

is maintained well above the threshold current. The relationship of the bias current 
for laser 14 to the output power of front and rear facets 16, 18 is illustrated 
graphically in FIG. 2. In FIG. 2, output power is shown along the vertical or "y"-axis 
in milli-Watts, and cun^ent in milli-Amps is shown along the horizontal or "x"-axis. 

10 Solid line 54 represents the change in output power with respect to current for front 
facet 16 associated with feedback from the reflective, crystallme phase 50 of medium 
12, while solid line 56 represents the change in output power with respect to current 
for front facet 16 associated with feedback from the low reflectivity, amorphous phase 
52 of medium 12. Dashed line 58 represents the change in output power with respect 

15 to current for rear facet 18 associated with feedback from the reflective, crystalHne 
phase 50 of medium 12, while dashed line 60 represents the change in output power 
with respect to current for rear facet 18 associated with feedback from the low 
reflectivity, amorphous phase 52 of medium 12. 

20 The threshold current for laser 14 associated with optical feedback from high 

reflectivity, crystalline phase regions 50, is approximately 19.8 mA, as shown in 
Table 1, and in FIG. 2 by the intersection of lines 54, 58 with the horizontal axis. The 
threshold current for laser 14 associated with optical feedback from low reflectivity, 
amorphous phase regions 52, is approximately 20.9 mA, as is also shown in Table 1, 

25 and in FIG, 2 by the intersection of lines 56, 60 with the horizontal axis. As can be 
seen, the drive or bias current is maintained at approximately 40 mA under both high 
and low reflectivity conditions, during writing and readout, well above the threshold 
currents associated with feedback under high reflectivity and low reflectivity 
conditions. In the specific example illustrated in Table 1 and FIG. 2, the bias current 

30 of 40 mA is maintained generally at about twice the threshold current values at 19.8 
mA and 20.9 mA. Operation of laser 14 at this bias current optimizes writing and 
readout for high data rates with single mode operation, as noted above. 

Voltage modulation across diode laser 14 is modulated together with mirror 
35 reflectivity, ^or laser 14, having a quantum well of width in active region 24, 
carrier density n can be shown by 



n = 



m 



kT 



In 



l + exp| 



kT 



40 



For an approximated bulk gain region in a degenerate semiconductor, n is described 
by 



''^2\r^) (>/)!il + exp(F,-.) 

where F, equals the quasi-fermi level in the conduction band. The above equation is 
45 somewhat difficult to solve, and can be reasonably approximated by 



n - exp 



nkT 
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where n is the threshold carrier density, which varies with reflectivity as noted above. 
In order for effective voltage detection, the voltage change in relation to carrier 
density can be calculated by 



10 



30 



and 



and thus 

15 From the above it can be seen that 



1 "1 (^'^2) 



and thus 

q IV, 

20 within approximation of non-degenerate carrier densities. Thus, for laser 14 as used 
with phase change medium 12 as described above, voltage detection provides an 
effective readout. 

The large bias current across diode laser 14 as described above raises some 
25 noise considerations for readout by voltage modulation, and as to how optical 
intensity noise is associated with carrier density noise, and in turn how carrier density 
noise is associated with voltage noise. The main noise considerations for laser 14 
include shot noise, generation-recombination (GR) noise, thermal noise, and laser 
relational intensity noise (RIN). Shot noise is represented generally by 



{l\f)) = 2q{lW 

while GR noise can be shown by 



35 and thermal noise is related generally by 
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It is assumed that laser relational intensity noise (RIN) does not result in voltage 
modulation, due to damping of earner density at a value to compensate losses. From 
the above, it thus appears that shot noise will dominate over all other noise sources 
10 when laser 14 is operated under p-n diode forward bias conditions. Noise currents in 
the ^lA range and a Af of about lOOMHz will thus be expected to occur during 
operation of laser 14 at a drive current of 40mA. 

Referring now to FIG. 4, there is shown an alternative preferred embodiment 
15 laser and detector apparatus 62 in accordance with the invention, where like reference 
numbers are used to denote like parts. The apparatus 62 includes a laser 64 which is 
structured and configured as a vertical cavity surface emitting laser or VCSEL. Laser 
64 includes a first conductivity-type clad layer shown as a lower, n-doped set of 
distributed Bragg reflector or DBR minors 66, and a second conductivity-type clad 
20 layer adjacent an upper, p-doped set of distributed Bragg reflector or DBR mirrors 68. 
The DBR mirrors in stacks 66, 68 each comprise a plurality of quarter wave (X/4) 
dielectric pairs of semiconductor material. A multiple quantum well/quantum barrier 
active region layer 70 is positioned between DBR mirror sets 66, 68. An oxide or ion 
diffused region 72 in p-DBR mirror set 66 defines a mode for laser 64. A dielectric 
25 layer 74 is positioned on top of p-DBR mirror set 66, and a reflective outer metal 
layer 76 is positioned on top of dielectric layer 74. Laser 64 is grown on an n- 
semiconductor substrate 78 by well known deposition techniques. Laser 64 is of 
conventional cylindrical configuration and is shown in cross-section. 

30 An n-side electrical contact 80 is coupled to n-substrate 78, and a p-side 

electrical contact 82 is coupled to p-DBR mirror set 68, which are used to drive laser 
64 in a conventional manner. A voltage detector 38 is operatively coupled to n- 
contact 80 and p-contact 82 by conductors 84, 86 respectively. 

35 A first, front emission facet 88 is defined by dielectric layer 74 and metal layer 

76. Front emission facet 88 is generally circular in shape and is surrounded by p- 
contact 82. The materials used for dielectric layer 74 and metal layer 76 are generally 
the same as those described for laser 14 above. An aperture 90 is etched through 
metal layer 76, and serves to narrow the beam spot from emission facet 88 for near- 

40 field read/write use in the manner described above. In this regard, aperture 90 has a 
width w which is smaller than the output wavelength X of laser 64. The n-contact 80 
may be structured and configured to provide a second, rear emission facet 90, so that 
an optical detector 44 can be positioned proximate thereto for readout of output from 
rear emission facet 90, 

45 

The laser and detector apparatus 62 is used together with an optical medium 
(not shown) which is generally the same as optical medium 12 described above. In 
this regard, laser 64 is positioned with respect to the optical medium such that front 
facet 88 is separated from the optical medium by a distance d which is smaller than 
50 the output wavelength X of laser 64, and such that the internal mode of laser 64 
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5 substantially matches the external mode between the reflective surface the optical 
medium and front emission facet 88. 

The laser and detector apparatus 62 operates in a manner similar to that 
described above for the apparatus 10 of FIG. 1. Laser 64 is associated with an slider 

10 and optical head (not shown) in a conventional manner. Writing is earned out by 
melting portions of the polycrystalline phase change material with laser 64 to create 
melts s'pots of size and shape according to the size and shape of aperture 90. Readout 
is achieved by flying laser 64 over the optical medium and measuring the changes in 
reflectivity associated with low reflectivity amorphous melt spots and higher 

15 reflectivity, unmelted, polycrystalline regions, as related above. 

As described above, the threshold current and output intensity of laser 64 are 
responsive to feedback light reflected back into laser 14 from the optical medium, 
with the amorphous, low reflectivity spots in the medium providing generally less 

20 reflective feedback to laser 64, while the high reflectivity polycrystalline regions 
providing greater reflective feedback The drive current or bias current for laser 64 is 
maintained well above the threshold currents associated with both high and low 
reflectivity feedback. By operating at a bias current above the threshold currents, a 
relatively high level output intensity is emitted from front facet 88 which undergoes 

25 minimal change or fluctuation according to changes in reflective feedback to facilitate 
writing. At the same time, the output power from rear facet 92 undergoes substantial 
change according to reflective feedback, which facilitates readout by either voltage 
detection of voltage fluctuation across laser 64 via voltage detector 38, by via optical 
detection of the output from rear facet 92 by optical detector 44. In this manner, laser 

30 64 can be operated optimally in a single mode for both read and write operations, as 
noted above. 

As a result, the output power from facets 16, 18 will generally fluctuate as 
laser 14 flies over medium 12. Readout is carried out by monitoring and detecting 
35 these fluctuations in output power, either optically via optical detector 44, or by 
voltage detector 38 according to the corresponding voltage fluctuations across 
contacts 34, 36. 

The invention advantageously provides operating conditions for laser 14 
40 wherein fluctuation in output power from front emission facet 16 is minimal, while 
the output power from rear emission facet 18 is relatively substantial. The relatively 
stable output power emitted from front facet 16 facilitates writing at high data rates, 
while the notable fluctuation in output power emitted from rear facet 16 facilitates 
readout via optical detector 44 or voltage detector 38. The preferred input parameters 
45 and dimensional considerations for laser 14, as required to provide minimal output 
power fluctuation from front facet while providing substantial output power 
fluctuation from rear facet 16, are based on mirror loss, threshold current, carrier 
density and gain coefficient considerations. 

50 Accordingly, it will be seen that this invention provides a near-field laser and 

detection apparatus which allows both reading and writing operations to be carried out 
by a single laser operating in a single mode, and which provides high data rates. 
Although the description above contains many specificities, these should not be 
construed as limiting the scope of the invention but as merely providing an illustration 
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of the presently preferred embodiment of the invention. Thus the scope of this 
invention should be determined by the appended claims and their legal equivalents. 



15 



wo 01/57975 PCTAJSOl/02933 

CLAIMS 



What is claimed is 

1. A near-field optical apparatus comprising: 

IQ (a) a semiconductor laser having a bias current which is higher than a 

threshold current associated with optical feedback from a high 
reflectivity portion of an optical medium; and 

(b) a voltage detector associated with said semiconductor laser and 
configured to detect voltage fluctuation associated with optical 

15 feedback from said optical medium to said semiconductor laser. 

2. The near-field optical apparatus of claim 1, wherein said 
semiconductor laser comprises: 

(a) a first conductivity-type clad region; 
20 (b) a second conductivity-type clad region; 

(c) an active region positioned between said first conductivity-type clad 
region and said second conductivity-type clad region; 

(d) a first electrical contact associated with said first conductivity type clad 
region and coupled to said voltage detector; and 

25 (e) a second electrical contact associated with said second conductivity 

type clad region and coupled to said voltage detector. 

3. The near-field optical apparatus of claim 2, wherein said 
semiconductor laser is an edge emitting laser having first and second emission facets. 

30 

4. The near-field optical apparatus of claim 2, wherein said 
semiconductor laser is a vertical cavity surface emitting laser having at least one 
emission facet. 

35 5. A near-field optical apparatus, comprising: 

(a) a semiconductor laser having a first emission facet and a second 
emission facet, said first emission facet having an aperture therein; 

(b) said semiconductor having an operating bias current greater than a first 
threshold current associated with optical feedback from a high 

40 reflectivity portion of an optical medium, and greater than a second 

threshold current associated with optical feedback from a low 
reflectivity portion of an optical medium; and 
(b) a voltage detector associated with said semiconductor laser and 
configured to detect voltage fluctuation associated with optical output 

45 from said second emission facet of said semiconductor laser. 

6. The near-field optical apparatus of claim 5, wherein said 
semiconductor laser as an output wavelength X, and said aperture in said first 
emission facet has a width w such that w < A,. 

50 

7. The near-field optical apparatus of claim 6, wherein said first emission 
facet is positioned opposite said optical medium and separated from said optical 
medium by a distance d such that d < A,. 
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5 8. The near-field optical apparatus of claim 5, wherein said 

semiconductor laser comprises: 

(a) a p-type clad region; 

(b) an n-type clad region; 

(c) an active region positioned between said p-type clad region and said n- 
10 type clad region; 

(d) a first electrical contact associated with said p-type clad region and 
coupled to said voltage detector; and 

(e) a second electrical contact associated with said n-type clad region and 
coupled to said voltage detector. 
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9, The near-field optical apparatus of claim 8, wherein said 
semiconductor laser is an edge emitting laser. 



10. The near-field optical apparatus of claim 8, wherein said 
20 semiconductor laser is a vertical cavity surface emitting laser. 

11. The near-field optical apparatus of claim 5, wherein said bias current 
results in an output power from said first emission facet which is greater than an 
output power from said second emission facet. 

25 

12. The near-field optical apparatus of claim 11, wherein said output 
power from said second emission facet undergoes fluctuation, according to said 
optical feedback from said high reflectivity regions and said low reflectivity regions 
of said optical medium, which is greater than fluctuation in output power from said 

30 first emission facet according to said optical feedback from said high reflectivity 
regions and said low reflectivity regions of said optical medium. 

13. A near-field optical system, comprising: 

(a) a semiconductor laser including an output wavelength X and having a 
35 first emission facet and a second emission facet, said first emission 

facet having an aperture therein of width w such that w < A; 

(b) an optical medium including high reflectivity regions and low 
reflectivity regions, said optical medium positioned opposite said first 
emission facet and separated from said first emission facet by a 

40 distance d such that d < X\ and 

(c) said semiconductor having a bias current which is greater than a first 
threshold current associated with optical feedback from said high 
reflectivity portion of said optical medium and which is greater than a 
second threshold current associated with optical feedback from a low 

45 reflectivity portion of an optical medium. 

14. The near-field optical system of claim 13, further comprising a voltage 
detector associated with said semiconductor laser and configured to detect voltage 
fluctuation associated with said optical feedback from said optical medium. 



15. The near-field optical system of claim 13, further comprising an 
optical detector, positioned adjacent said second emission facet and configured to 
detect fluctuation in output power associated with said optical feedback from said 
reflective medium. 
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16. The near-field optical system of claim 13, wherein said bias current 
results in an output power from said first emission facet which is greater than an 
output power from said second emission facet. 

10 17. The near-field optical apparatus of claim 16, wherein said output 

power from said second emission facet undergoes fluctuation, associated with said 
optical feedback from said high reflectivity regions and said low reflectivity regions 
of said optical medium, which is greater than fluctuation in output power from said 
first emission facet associated with said optical feedback from said high reflectivity 

15 regions and said low reflectivity regions of said optical medium. 
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